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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magneto 
resistance effect type of sensor which is excellent in 
corrosion resistance and in which an exchange 
anisotropic magnetic field necessary and sufficient in a 
film can be applied and also which is excellent in linear 
responsiveness and suppresses Barkhausen noise. 
SOLUTION: This sensor is provided with at least two 
layers of ferromagnetic layers 32 and 34 through a 
nonmagnetic layer 33, and as regards one hand out of 
the ferromagnetic layers 32 and 34, the coercive force is 
enlarged by the coercive force increasing layer 31 of an 
antiferromagnetic substance provided next to the 
ferromagnetic layer, and the reversal of the 
magnetization is pin- fixed, and the reversal of 
magnetization of the other ferromagnetic layer is free. In 
this case, to the ferromagnetic layer 34 where the 
reversal of the above magnetization is free, an 
antiferromagnetic layer 35 is arranged adjacently, which 
applies longitudinal bias to this ferromagnetic layer 34 

and induces magnetic anisotropy by a unidirectional exchange bias magnetic field so as to 
stabilize the magnetic block. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A two-layer ferromagnetic layer is prepared through a non-magnetic layer at least. The 
inside of said ferromagnetic layer. Coercive force is enlarged by the coercive force increase 
layer which consists of the 1st antiferromagnetic substance with which one side adjoined the 
ferromagnetic layer, and was prepared, and pinning of the flux reversal is carried out. It is the 
magneto-resistive effect mold sensor by which it comes to free flux reversal of the 
ferromagnetic layer of another side. As opposed to the ferromagnetic layer which comes to free 
said flux reversal The magneto-resistive effect mold sensor characterized by coming to carry 
out contiguity arrangement of the antiferromagnetism layer which consists of the 2nd 
antiferromagnetic substance which impresses vertical bias to this ferromagnetic layer, is made to 
carry out induction of the magnetic anisotropy by the exchange bias field of tropism on the other 
hand, and stabilizes a magnetic domain. 

[Claim 2] The magneto-resistive effect mold sensor according to claim 1 characterized by 
coming mutually to carry out the abbreviation rectangular cross of magnetization of the 
ferromagnetic layer to which pinning of said flux reversal was carried out, and the magnetization 
of the ferromagnetic layer by which magnetization was freed in the condition that there is no 
external magnetic field.. 

[Claim 3] The magneto-resistive effect mold sensor according to claim 1 or 2 by which coercive 
force of the ferromagnetic layer by which pinning was carried out to this coercive force increase 
layer in flux reversal by said coercive force increase layer consisting of alpha-Fe 203 is 
characterized by the thing which is done to a ferromagnetic layer by said coercive force increase 
layer for induction, and which it comes it to carry out larger than the exchange bias field of 
tropism on the other hand. 

[Claim 4] The magneto-resistive effect mold sensor according to claim 1 to 3 characterized by 
the 2nd antiferromagnetism layer for said vertical bias impression opening the predetermined 
width of recording track equivalent to the width of face of a magnetic sensitive part in the both- 
ends side of the magnetic sensitive part of the ferromagnetic layer which it comes to free in said 
flux reversal, and coming to carry out opposite arrangement in contact with a ferromagnetic 
layer. 

[Claim 5] The freed ferromagnetic layer said flux reversal by the layered product with other 
ferromagnetic layers by which the laminating was carried out to the antiferromagnetism layer 
which only the part of the width of face of the magnetic sensitive part equivalent to the width of 
recording track was formed, and was formed in the both sides of that ferromagnetic layer, and 
this antiferromagnetism layer The magneto-resistive effect mold sensor according to claim 1 to 
3 characterized by coming to impress vertical bias by the freed ferromagnetic layer in said flux 
reversal. 

[Claim 6] The magneto-resistive effect mold sensor according to claim 5 characterized by the 
ferromagnetic layer by which the laminating was carried out to the 2nd antiferromagnetism layer 
for said vertical bias impression consisting of an amorphous thin film. 

[Claim 7] The magneto-resistive effect mold sensor according to claim 1 to 6 characterized by 
the antiferromagnetism layer for impressing said vertical bias consisting of a X-Mn (however, X 
showing one-sort [ in Fe, Co, nickel, Cr, Pt, Pd, Ir, Ru, and Rh ], or two sorts or more.) system 
alloy thin film. 
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[Claim 8] The magnetic head characterized by coming to have a magneto-resistive effect mold 
sensor according to claim 1 to 7. 

[Claim 9] While induction of the flux reversal which adjoins the 2nd antiferromagnetism layer for 
said vertical bias impression is carried out to the ferromagnetic layer freed in the manufacture 
approach of a magneto-resistive effect mold sensor according to claim 4, the magnetic 
anisotropy of tropism [ whether the ferromagnetic layer is formed impressing a field and ] Or it is 
made to be generated by heat-treating in a field after the ferromagnetic stratification. The 
manufacture approach of the magneto-resistive effect mold sensor characterized by what the 
magnetization process performed after the process which determines the direction of the 
magnetic anisotropy of a ferromagnetic layer where said flux reversal is freed in the 
magnetization direction of a ferromagnetic layer where pinning of the flux reversal which adjoins 
a coercive force increase layer is carried out determines. 

[Claim 10] While induction is carried out to the ferromagnetic layer which adjoins the 2nd 
antiferromagnetism layer for said vertical bias impression, and constitutes a layered product in 
the manufacture approach of a magneto-resistive effect mold sensor according to claim 5, the 
magnetic anisotropy of tropism [ whether the ferromagnetic layer is formed impressing a field 
and ] Or it is made to be generated by heat-treating in a field after the ferromagnetic 
stratification. The manufacture approach of the magneto-resistive effect mold sensor 
characterized by what the magnetization process which performs the magnetization direction of 
a ferromagnetic layer where pinning of the flux reversal which adjoins a coercive force increase 
layer is carried out after the process which determines the direction of the magnetic anisotropy 
of the ferromagnetic layer of said layered product determines. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.#### shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic head equipped with the sensor 
using the magneto-resistive effect component applied to the magnetic head, a position sensor, a 
rotation sensor, etc., its manufacture approach, and its sensor. 
[0002] 

[Description of the Prior Art] Conventionally, the AMR (Anisotropic Magnetoresistance) head 
using the anisotropy magneto-resistive effect phenomenon as a magneto-resistive effect mold 
reading head (MR head) and the GMR (Giant Magnetoresistance: giant magneto-resistance) head 
using the spin dependence scattering phenomenon of conduction electron are known, and the 
spin bulb (Spin-Valve) head which shows a high magneto-resistive effect by the low external 
magnetic field is shown in the U.S. Pat. No. 5159513 specification as one example of a GMR 
head. Drawing 10 and drawing 1 1 are drawings showing the outline configuration of AMR head 
component structure. If it is in the head component shown in drawing 10 , the laminating of the 
electric insulation layer 2 and the ferromagnetic layer (AMR ingredient layer) 3 is carried out on 
the soft magnetism layer 1, spacing equivalent to the width of recording track is opened on the 
both ends of the ferromagnetic layer 3, the laminating of the antiferromagnetism layers 4 and 4 is 
carried out, further, on them, the laminating of the conductive layer 5 is carried out, and it is 
constituted. If it is in the head component shown in drawing 1 1 , the laminating of the soft 
magnetism layer 1, the electric insulation layer 2, and the ferromagnetic layer 3 is carried out, 
and a layered product is constituted, and the magnet layers 6 and 6 are formed so that a layered 
product may be inserted into the both sides of this layered product, a conductive layer 5 is 
formed on the magnet layer 6, and it is constituted. 

[0003] For the optimal actuation of this kind of AMR head, two bias fields are needed to the 
ferromagnetic layer 3 which shows the AMR effectiveness. The 1st bias field is for carrying out 
the linearity response of the resistance change of the ferromagnetic layer 3 to the magnetic flux 
from a magnetic medium, and to the field of a magnetic medium, this 1st bias field is 
perpendicularly (Z direction of drawing 1 ), and is made parallel to the film surface of the 
ferromagnetic layer 3. Usually, this 1st bias field is called horizontal bias, and can be acquired by 
passing a detection current for an AMR head component from a conductive layer 5. The 2nd bias 
field is called vertical bias and is usually impressed to parallel (the direction of X of drawin g 1 ) 
to the film surface of a magnetic medium and the ferromagnetic layer 3. The purpose of this 
vertical bias field is for making it little smooth resistance change of a noise to this magnetic flux 
from controlling the Barkhausen noise produced when the ferromagnetic layer 3 forms many 
magnetic domains, i.e., a magnetic medium. 

[0004] By the way, in order to control the aforementioned Barkhausen noise, it is required to 
single-domain-ize the ferromagnetic layer 3, and two kinds of approaches are usually learned by 
the impression approach of the vertical bias for it. It is the approach of the head component 
structure shown in drawing 1 1 being used for the 1 st approach, arranging the magnet layers 6 
and 6 on both sides of the ferromagnetic layer 3, and using the leakage flux from the magnet 
layer 6 f and the 2nd approach is an approach of using the exchange anisotropy field which 
adopts the head component structure shown in drawin g 10 , and is produced in the contact 
interface of the antiferromagnetism layer 4 and the ferromagnetic layer 3. 
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[0005] And the thing using exchange anisotropy association by said antiferromagnetism layer of 
the exchange bias method shown in drawing 12 as component structure and the thing of the spin 
bulb method shown in drawing 13 are known. Drawing 12 is the structure which is similar to the 
structure shown in drawing 10 , carried out the laminating of the ferromagnetic layer 22, a non- 
magnetic layer 23, and the ferromagnetic layer 24 that does a magneto-resistive effect so, 
opened spacing equivalent to the width of recording track TW on the lower insulating layer 21, 
formed the antiferromagnetism layers 25 and 25 and the lead layers 26 and 26, and formed the 
up insulating layer 27 on them. In the structure shown in dr aw ing 12 , vertical bias is given to the 
ferromagnetic layer 24, area B (field where the ferromagnetic layer 24 and the ferromagnetic 
layer 25 contacted) of drawing 12 is single-domain-ized by exchange anisotropy association in 
the interface of both the layers of the ferromagnetic layer 24 and the antiferromagnetism layer 
25 in the direction of X, it is induced by this and the ferromagnetic layer 24 is single-domain- 
ized in the direction of X in the area A in the width of recording track. The stationary current is 
given to the ferromagnetic layer 24 through the antiferromagnetism layer 25 from the lead layer 
26. If the stationary current is given to the ferromagnetic layer 24, the horizontal bias field to a Z 
direction will be given into the ferromagnetic layer 24 by the magnetostatic binding energy from 
the ferromagnetic layer 22. Thus, if the leakage field from a magnetic medium is given to the 
ferromagnetic layer 24 magnetized by the vertical bias field and the horizontal bias field, since 
the electric resistance over the stationary current will carry out a linearity response and it will 
change in proportion to the magnitude of this leakage field, a leakage field is detectable with 
change of this electric resistance. 

[0006] On the lower insulating layer 21, the structure shown in drawing 13 carries out the 
laminating of the free ferromagnetism layer 28 and the nonmagnetic conductive layer 29 which 
constitute the magneto-resistive effect component 19, and the ferromagnetic layer 24, further, 
carries out the laminating of the antiferromagnetism layer 25 and the up insulating layer 27 one 
by one on the ferromagnetic layer 24, and is constituted. The stationary current is given to the 
magneto-resistive effect component 19 in the structure shown in drawin g 13 . . Magnetization of 
the ferromagnetic layer 24 is fixed to a Z direction by exchange anisotropy association with the 
antiferromagnetism layer 25, and if the leakage field from the magnetic medium which moves in 
the direction of Y is given, since the electric resistance of the magneto-resistive effect 
component 19 will change with change of the magnetization direction of the free ferromagnetism 
layer 28, the leakage field of a magnetic medium is detectable with change of this electric 
resistance. 

[0007] As a configuration for adopting said spin bulb structure and on the other hand, carrying 
out optimal actuation of the above-mentioned structure As shown in the structure which carried 
out the laminating of the free ferromagnetism layer 7, the nonmagnetic interlayer 8, the pinning 
ferromagnetism layer 9, and the antiferromagnetism layer 10 as shown in drawing 14 , formed the 
magnet layers 1 1 and 1 1 in the both sides of this layered product, and formed the conductive 
layer 1 2 on it, or drawing 15 The laminating of the free ferromagnetism layer 7, the nonmagnetic 
interlayer 8, the pinning ferromagnetism layer 9, and the antiferromagnetism layer 10 is carried 
out, the both sides of a layered product are inserted in a conductive layer 12 and the 
antiferromagnetism layer 1 3 from the upper and lower sides, and the structure where these 
whole was made to adjoin a buffer layer 14 is known. 

[0008] While the bias of the direction of a truck (the direction of X of drawing 14 ) is impressed 
in the magnet layers 1 1 and 1 1 at the free ferromagnetism layer 7 as it is the structure shown in 
drawing 14 , and making magnetization turned in the direction of a truck in the condition of 
having single-domain-ized It is necessary to make it turn to the Z direction in drawing, where 
bias is impressed and single-domainHzed in the direction which intersects perpendicularly the 
magnetization direction of the pinning ferromagnetism layer 9 with the Z direction in drawing 14 , 
i.e., the magnetization direction of the free ferromagnetism layer 7. That is, when the 
magnetization direction of said pinning ferromagnetism layer 9 must not change and the direction 
of the free ferromagnetism layer 7 changes with the magnetic flux (Z direction of drawing 14 ) 
from a magnetic medium in the range of 90**theta** to the magnetization direction of the 
pinning ferromagnetism layer 9, the linearity responsibility of a magneto-resistive effect is 
acquired. 
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[0009] In order to make the magnetization direction of said pinning ferromagnetism layer 9 fix to 
the Z direction of drawin g 14 and drawing 15 , a comparatively big bias field is required, and the 
more this bias field is large, the more it will be good. In order to overcome the anti-field of the Z 
direction of drawing 14 and drawing 15 and for the magnetization direction not to shake by the 
magnetic flux from a magnetic medium, the bias field of 100 Oe is required at least. If it is in the 
structure shown in drawing 14 and drawing 15 as an approach for acquiring this bias field, the 
exchange anisotropy field produced by contacting the antiferromagnetism layer 10 in the pinning 
ferromagnetism layer 9, and preparing it in it is used. 

[0010] Moreover, the bias impressed to the free ferromagnetism layer 7 formed the magnet layer 
1 1 in the both sides of the free ferromagnetism layer 7 in the structure shown, the approach are 
and same as the vertical bias in the AMR head, i.e., drawing 14 , for controlling the Barkhausen 
noise produced from forming the purpose for securing linearity responsibility, and many magnetic 
domains, and the approach of using the leakage flux from the magnet layer 1 1 as bias has been 
used for it. Moreover, in the structure shown in drawing 15 , the antiferromagnetic substance 
layer 13 was formed in the both-ends side of the free ferromagnetism layer 7, and the approach 
of using as bias the exchange anisotropy field produced in the contact interface of the free 
ferromagnetism layer 7 and the antiferromagnetism layer 13 is adopted. 

[001 1] As mentioned above, by using for the vertical bias in the case of the AMR head, the bias 
of the pinning ferromagnetism layer in the case of a spin valve head, and the bias of a free 
ferromagnetism layer the exchange anisotropy field produced in a contact interface with an 
antiferromagnetism layer, linearity responsibility is good and the magneto-resistive effect mold 
head which controlled the Barkhausen noise is realized. 
[0012] 

[Problem(s) to be Solved by the Invention] By the way, said exchange anisotropy field is a 
phenomenon resulting from the exchange interaction between the magnetic moments of the both 
sides in the contact interface of a ferromagnetic layer and an antiferromagnetism layer, and the 
FeMn layer is well known as a ferromagnetic layer, for example, an antiferromagnetism layer 
which produces an exchange anisotropy field with a NiFe layer. However, corrosion resistance is 
remarkably bad, corrosion advances during the production process of the magnetic head, and 
magnetic-head actuation, and a FeMn layer has the problem on which an exchange anisotropy 
field deteriorates greatly, and the problem which damages a magnetic medium depending on the 
case. Moreover, although going up easily to about 1 20 degrees C by generation of heat by the 
stationary detection current is known, the temperature near [ under magnetic-head actuation ] 
the FeMn layer The exchange anisotropy field by the FeMn layer has the problem from which the 
stable exchange anisotropy field is not acquired, in order that an exchange anisotropy field may 
decrease almost linearly to temperature until it is very sensitive and disappears at the 
temperature of about 150 degrees C to a temperature change (blocking temperature: Tb). 
[0013] Although there is the NiMn alloy or NiMnCr alloy which has the face-centered tetragon 
structure shown for example, in the publication-number No. 76247 [ six to ] official report on the 
other hand as invention which has improved the corrosion resistance of the FeMn film and 
blocking temperature, although the corrosion resistance of a NiMn layer is better than the 
corrosion resistance of a FeMn layer, it is inadequate practically. Moreover, in order that a 
NiMnCr layer may raise the corrosion resistance of a NiMn layer, it is the alloy layer which added 
Cr, but although corrosion resistance improves by Cr addition, there is a problem to which the 
magnitude and blocking temperature of an exchange anisotropy field fall. 
[0014] moreover , since the ordered structure crystal of the CuAg-I type which have face- 
centered tetragon ( fct ) structure in a part of antiferromagnetism layer must be form in order to 
acquire an exchange anisotropy field in a NiMn alloy or a NiMnCr alloy , and control of order 
disorder transformation and control of the rate of a volume ratio of a regulation phase and an 
irregular phase be naturally needed , in order to acquire the stable property f there be a problem 
to which the process control and management in a production process of the magnetic head 
cannot but become very complicated . Moreover, that heat treatment among a field must be 
repeated two or more times in order to acquire the exchange anisotropy field needed, and in 
order to lower a temperature fall rate from looseness, for example, 255 degrees C, to 45 degrees 
C, there was a problem to which it is about the problem which requires 1 7 hours 
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(Appl.Phys.Lett.65(9) 29 August 1994 reference), the processing time in a production process 
becomes long, and manufacture effectiveness worsens. 

[0015] Moreover, a NiFe/FeMn cascade screen is heat-treated at the temperature of 260-350 
degrees C as invention which improves the blocking temperature of a FeMn layer for 20 to 50 
hours. Although the approach of forming nickel-Fe-Mn the alloy layer of 3 yuan in a NiFe/FeMn 
interface by diffusion by heat treatment is shown in the U.S. Pat. No. 4809109 specification By 
this approach, while being able to understand that there is no effectiveness in corrosion 
resistance improvement which is the greatest trouble of a FeMn layer, there is a problem on 
which required heat treatment time amount reduces manufacture effectiveness from a ######## 
extremely with 20 - 50 hours. On the other hand, although the ingredient of Mn system alloy, for 
example, NiMn, PtMn, AuMn, and RhMn3 grade is shown as an antiferromagnetism ingredient in 
the existing publication, for example, the "magnetic-substance handbook" of the Asakura 
Publishing issue There is no comment about the exchange anisotropy field in a ferromagnetic 
layer and a contact interface, and thickness is completely still more unknown about the own 
property and own exchange anisotropy field of an antiferromagnetism layer in the ultra-thin film 
of several 1 00A. 

[0016] Furthermore, the sense of magnetization of the truck close to the magnet layers 1 1 and 
1 1 and the section (field shown in drawing 14 with a sign 1 6) tended to become the insensible 
field which does not change easily, and if it was in the free ferromagnetism layer 7 to which bias 
was impressed by the magnet layers 1 1 and 1 1 on either side, when further truck-ization 
accompanying improvement in the recording density of a magnetic medium was advanced, there 
was a possibility might produce a problem, in the component structure shown in drawing 14 . For 
this reason, although the component structure using the switched connection bias shown in 
drawing 15 could become promising, when it was going to impress vertical bias to the component 
structure of spin bulb structure with a switched connection bias method, there were the 
following problems. 

[0017] In the spin bulb component structure shown in drawing 15 , the antiferromagnetism layer 
10 fixes rotation of magnetization of the pinning ferromagnetism layer 9, on the other hand, the 
antiferromagnetism layers 13 and 13 fix the sense of magnetization of the truck of the free 
ferromagnetism layer 7, and the section for vertical bias, and 90 degrees of sense of the 
magnetization which the antiferromagnetism layer 1 0 and the antiferromagnetism layer 1 3 should 
fix, respectively differ. In order to control the direction of magnetization of each magnetic film 
here, controlling the magnetization direction of the antiferromagnetism layer 10 which forms 
membranes later, without disturbing the direction of magnetization of the antiferromagnetism 
layer 13 which formed membranes first, although membrane formation-among field processing 
and the annealing treatment in a magnetic field after membrane formation are performing usually 
has a very difficult problem. Moreover, although the technique which solves said problem by 
using properly the magnetic film with which Neel temperature differs like a publication on 
publication-number No. 45032 [ eight to ] specifications, and changing heat treatment 
temperature into them for every magnetic film is indicated, since it is necessary to use a Fe-Mn 
alloy with low Neel temperature also with this technique, the fault in the corrosion resistance 
above-mentioned field and a fault sensitive to the temperature change resulting from blocking 
temperature have an unsolvable problem. 

[0018] It is excellent in linearity responsibility and aims at offering the magneto-resistive effect 
mold sensor which controlled the Barkhausen noise while this invention was made in view of said 
situation, can be excellent in corrosion resistance and can impress required sufficient exchange 
anisotropy field in a thin film. Moreover, by offering an antiferromagnetism layer with high 
blocking temperature, after excelling in linearity responsibility, it is strong to a temperature 
change, and this invention aims at offering the magneto-resistive effect mold sensor which 
controlled the Barkhausen noise. Furthermore, it also aims heat treatment time amount at 
offering the manufacture approach which can be shortened conventionally while in manufacturing 
the magneto-resistive effect mold sensor which has the property which was excellent in the 
above-mentioned this invention does not have the need of performing heat treatment among a 
magnetic field for a long time using a special thermal treatment equipment and being able to 
manufacture it by the usual heat treatment. 
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[0019] 

[Means for Solving the Problem] In order that this invention may solve said technical problem, a 
two-layer ferromagnetic layer at least It is generated through a non-magnetic layer, coercive 
force is enlarged by the coercive force increase layer which one side becomes from the 1 st 
antiferromagnetic substance which adjoined the ferromagnetic layer and was prepared among 
said ferromagnetic layers, and pinning of the flux reversal is carried out. It is the magneto- 
resistive effect mold sensor by which it comes to free flux reversal of the ferromagnetic layer of 
another side. It comes to carry out contiguity arrangement of the 2nd antiferromagnetism layer 
which consists of the antiferromagnetic substance with which said flux reversal impresses 
vertical bias to this ferromagnetic layer, on the other hand, carries out induction of the magnetic 
anisotropy of tropism to the ferromagnetic layer which it comes to free, and stabilizes a 
magnetic domain. Next, in this invention, it is desirable to come mutually to carry out the 
abbreviation rectangular cross of magnetization of the ferromagnetic layer to which pinning of 
said flux reversal was carried out, and the magnetization of the ferromagnetic layer by which 
magnetization was freed in the condition that there is no external magnetic field. Furthermore, in 
this invention, it is desirable to come it larger than the exchange bias field of the one direction 
as for which induction is carried out to a ferromagnetic layer by alpha-Fe 203 at coincidence to 
carry out coercive force of the ferromagnetic layer by which pinning was carried out to this 
coercive force increase layer in flux reversal by said coercive force increase layer consisting of 
alpha-Fe 203. 

[0020] In this invention, it is also desirable that the 2nd antiferromagnetism layer for said vertical 
bias impression opens the predetermined width of recording track equivalent to the width of face 
of a magnetic sensitive part in the both-ends side of the magnetic sensitive part of a 
ferromagnetic layer where it comes to free the aforementioned flux reversal, and comes to carry 
out opposite arrangement in contact with a ferromagnetic layer. In this invention, it is desirable 
that a layered product with other ferromagnetic layers by which the laminating was carried out 
to the antiferromagnetism layer by which only the part of the width of face of the magnetic 
sensitive part equivalent to the width of recording track was formed, and the ferromagnetic layer 
freed in said flux reversal was formed in the both sides of that ferromagnetic layer, and this 
antiferromagnetism layer comes to impress vertical bias by the freed ferromagnetic layer in said 
flux reversal. Furthermore, it is desirable that the ferromagnetic layer by which a laminating is 
carried out to the 2nd antiferromagnetism layer for said vertical bias impression consists of an 
amorphous thin film. Moreover, it is desirable that the antiferromagnetism layer for impressing 
said vertical bias consists of a X-Mn (however, X shows one-sort [ in Fe Co, nickel, Cr, Pt, Pd, 
Ir, Ru, and Rh ] or two sorts or more.) system alloy thin film. And this invention offers the 
magnetic head which comes to prepare the magneto-resistive effect mold sensor of the 
configuration of a publication for said either. 

[0021] When manufacturing said magneto-resistive effect mold sensor of a configuration of that 
the 2nd antiferromagnetism layer for said vertical bias impression opens the predetermined width 
of recording track equivalent to the width of face of a magnetic sensitive part in the both-ends 
side of the magnetic sensitive part of a ferromagnetic layer where it comes to free the 
aforementioned flux reversal, and, on the other hand, comes to carry out opposite arrangement 
in contact with a ferromagnetic layer While induction of the flux reversal which adjoins the 2nd 
antiferromagnetism layer for said vertical bias impression is carried out to the ferromagnetic 
layer freed, the magnetic anisotropy of tropism [ whether the ferromagnetic layer is formed 
impressing a field and ] Or it is made to be generated by heat-treating in a field after the 
ferromagnetic stratification. It is desirable to determine according to the magnetization process 
performed after the process which determines the direction of the magnetic anisotropy of a 
ferromagnetic layer where said flux reversal is freed in the magnetization direction of a 
ferromagnetic layer where pinning of the flux reversal which adjoins a coercive force increase 
layer is carried out. 

[0022] Moreover, only the part of the width of face of the magnetic sensitive part by which the 
ferromagnetic layer freed in said flux reversal is equivalent to the width of recording track is 
formed. When manufacturing said magneto-resistive effect mold sensor of a configuration of that 
the layered product of the antiferromagnetism layer of the antiferromagnetic substance formed 
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in the both sides of the ferromagnetic layer and other ferromagnetic layers comes to impress 
vertical bias On the other hand, that induction is carried out to the ferromagnetic layer which 
adjoins an antiferromagnetism layer and constitutes a layered product the magnetic anisotropy 
of tropism [ whether while impressing a field, forms the ferromagnetic layer, and ] Or it is 
desirable to determine according to the magnetization process which performs the magnetization 
direction of a ferromagnetic layer where pinning of the flux reversal which is produced by heat- 
treating in a field after the ferromagnetic stratification, and adjoins a coercive force increase 
layer is carried out after the process which determines the direction of the magnetic anisotropy 
of the ferromagnetic layer of said layered product. 
[0023] 

[Embodiment of the Invention] With reference to a drawing, one gestalt of this invention is 
explained below. Drawing 1 is what shows one gestalt of the magneto-resistive effect mold 
sensor concerning this invention. On the coercive force increase layer 31, the laminating of the 
ferromagnetic layer 32, a non-magnetic layer 33, and the ferromagnetic layer 34 is carried out 
one by one. While opening spacing equivalent to the width of recording track TW between mutual 
on the both ends of the ferromagnetic layer 34, carrying out the laminating of the 
antiferromagnetism layers 35 and 35 and carrying out the laminating of the lead layer 36 on the 
antiferromagnetism layer 35, the lead layer 36 and the ferromagnetic layer 34 are covered, and 
the laminating of the up insulating layer 37 is carried out. In addition, in the structure of this 
gestalt, the magneto-resistive effect component 30 of a spin bulb mold is constituted by the 
coercive force increase layer 31, the ferromagnetic layer 32, a non-magnetic layer 33, and the 
ferromagnetic layer 34. 

[0024] Said coercive force increase layer 31 makes the magnetic switched connection force act 
on the ferromagnetic layer 32 formed on it, and increases the coercive force of the 
ferromagnetic layer 32, and it is for carrying out pinning of the sense of magnetization, as for this 
coercive force increase layer 31, it is desirable to consist of the antiferromagnetic substance, 
especially the oxide antiferromagnetic substance, and it is formed from alpha-Fe 203 as one 
example. Although said ferromagnetic layers 32 and 34 all consist of a thin film of a 
ferromagnetic, they specifically consist of a nickel-Fe alloy, a Co-Fe alloy, a nickel-Co alloy, Co, 
a nickel-Fe-Co alloy, etc. Moreover, Co layer to the ferromagnetic layer 34 can also consist of a 
nickel-Fe alloy layer or a laminated structure of Co layer and a nickel-Fe alloy layer for the 
ferromagnetic layer 32. In addition, when considering as the two-layer structure of Co layer and 
a nickel-Fe alloy layer, it can also consider as the structure which arranges thin Co layer to a 
non-magnetic layer 33 side. 

[0025] Possibility that factors other than spin dependence dispersion of conduction electron will 
arise is low, and it originates in the ability of a higher magneto-resistive effect to be acquired 
rather than the direction where the effectiveness of spin dependence dispersion of conduction 
electron constitutes a large thing and the ferromagnetic layers 32 and 34 from an ingredient of 
the same kind according to the interface of Co and Cu consists of ingredients of a different kind, 
if this is in the giant magneto-resistance developmental mechanics of the structure whose non- 
magnetic layer 33 is pinched in the ferromagnetic layers 32 and 34. Since it is such, when the 
ferromagnetic layer 32 is constituted from Co, the structure which permuted the non-magnetic 
layer 33 side of the ferromagnetic layer 34 by Co layer by predetermined thickness is desirable. 
Moreover, even if distinguish especially Co layer and it does not prepare it, it is good also as a 
concentration gradient layer to which Co concentration becomes thin gradually as it considers as 
the alloy condition which there is much Co and was included in the non-magnetic layer 33 side 
of the ferromagnetic layer 34 and goes to the up protective layer 37 side. 

[0026] Said non-magnetic layer 33 consists of non-magnetic material represented by Cu, Cr, Au, 
Ag f etc., and is formed in the thickness of 20-40A. If the thickness of a nonmagnetic membrane 
33 is thinner than 20A here, magnetic association will become easy to take place between the 
ferromagnetic layer 32 and the ferromagnetic layer 34. Moreover, since the rate of the 
conduction electron scattered about by the interface of the non-magnetic layer 33 which is the 
factor which produces a magneto-resistive effect, and the ferromagnetic layers 32 and 34 will 
fall and a magneto-resistive effect will be reduced according to the shunt effect of a current if a 
non-magnetic layer 33 is thicker than 40A, it is not desirable. 
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[0027] As for the antiferromagnetism layer 31, it is [ said antiferromagnetism layer 35 ] desirable 
to consist of the different antiferromagnetic substance, for example, the X-Mn alloy which has 
unordered structure. As for X, in said empirical formula, it is desirable to consist of any one sort 
of Ru, Rh, Ir, Pd, and the Pt or two sorts or more here. Although the aforementioned Mn system 
alloy has the irregular crystal structure, it means the condition that this irregular crystal 
structure is not the regular crystal structure like face-centered tetragons (fct superlattice; 
CuAul structure etc.). namely, the elevated temperature for making Mn alloy in this invention into 
the regular crystal structures (CuAul structure etc.), such as said face-centered tetragon, after 
membranes are formed by sputtering etc. — and long duration is not heat-treated and the 
irregular crystal structure is a thing in a condition [ being formed by the forming-membranes 
methods, such as sputtering, ], or the condition that the usual annealing treatment was 
performed to this. 

[0028] For ten to 45 atom %, and Rh, ten to 40 atom % and Ir are [ the range where the content 
of X in case X of said X-Mn alloy is a single metal atom is desirable / Ru / ten to 25 atom % and 
Pt of ten to 40 atom % and Pd ] ten to 25 atom %s. In addition, all the upper limit minimums of 
the numerical range which 10-45 atom % means below 45 atom % in the above publication 
above 10 atom %, and is displayed by "-" shall be specified by the "above" and the "following." 
[0029] If it is the antiferromagnetism layer 35 of the X-Mn system alloy of said irregular crystal 
structure, vertical bias can be impressed to the ferromagnetic layer 34 by the one direction 
anisotropy, and pinning of the rotation of magnetization of the both ends of the ferromagnetic 
layer 34 which touches the ferromagnetic layer 35 can be carried out. Moreover, if it is the 
antiferromagnetism layer 35 of the alloy of said X-Mn system, compared with Fe-Mn of the 
conventional antiferromagnetism layer, it will excel in corrosion resistance, and fluctuation of the 
exchange anisotropy field (Hex) over a temperature change will decrease. Therefore, it is strong 
to a resistance to environment by using the antiferromagnetism layer 35, and it is hard to 
generate a noise at the time of detection of the leakage field from a magnetic medium, and 
becomes the thing in which high-definition magnetic detection is possible. Moreover, if it is the 
antiferromagnetism layer 35 of a X~Mn alloy, since heat-treatment of an elevated temperature 
and long duration is unnecessary, possibility of also producing the element diffusion between 
each magnetic layer in accordance with heating will be low, and problems, such as change of 
magnetic properties, degradation, or destruction of an insulating layer, will not be produced. 
[0030] Said up protective layer 37 is a layer prepared for antioxidizing of the ferromagnetic layer 
34 etc. in order to set up spacing (Gap) with an up shielding magnetic layer. Moreover, as for this 
up protective layer 37, it is desirable to constitute from insulating materials, such as aluminum 
203 and a quartz. 

[0031] Moreover, by forming the antiferromagnetism layer 35 on said ferromagnetic layer 34, the 
sense of magnetization can be arranged in the direction which gives an one direction anisotropy 
to the ferromagnetic layer 34, and is shown in the arrow head a of drawing 1 , and bias can be 
impressed and single-domain-ized. Moreover, by the coercive force increase layer 31 stuck all 
over the ferromagnetic layer 32, pinning of the sense of magnetization of the ferromagnetic layer 
32 can be carried out, and the sense of magnetization can be arranged in the direction 
perpendicular to the space of drawing 1 of b. By turning the sense of magnetization of the 
ferromagnetic layer 34 in the direction of arrow-head a of drawing 1 and drawing 2 , and turning 
the sense of the ferromagnetic layer 32 in the direction of arrow-head b from the above thing, 
both can be made to be able to intersect perpendicularly at about 90 degrees, and can be 
arranged. 

[0032] The stationary current is given to the magneto-resistive effect component 30 in the 
structure shown in drawing 1 . If it is the structure shown in drawing 1 f as a result of coercive 
force's increasing in response to magnetic switched connection, pinning of the sense of the 
magnetization being carried out by existence of the coercive force increase layer 31 and the 
ferromagnetic layer's 32 being freed in the field in which the direction of magnetization of other 
ferromagnetic layers 34 is equivalent to the width of recording track TW, a coercive force 
difference arises among the ferromagnetic layers 32 and 34, it originates in this, and giant 
magneto-resistance is obtained. That is, if external magnetic fields, such as a leakage field from 
the magnetic-recording medium which moves in the direction of Y, act on the part equivalent to 
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the width of recording track TW of the center section of the ferromagnetic layer 34 where 
rotation of magnetization was freed, since the sense of magnetization of the ferromagnetic layer 
34 will rotate easily, resistance change arises for the magneto-resistive effect component 30 
with rotation, and the magnetic information on a magnetic-recording medium can be read by 
measuring this resistance change. Moreover, resistance change is obtained by good linearity 
responsibility, without producing a Barkhausen noise, since the ferromagnetic layer 34 is single- 
domain-ized and vertical bias is moreover impressed in the case of this resistance change. 
[0033] Moreover, in the structure shown in dr awi ng 1 , although the coercive force increase layer 
31 was constituted from alpha-Fe 203, alpha-Fe 203 is an oxide from the first, and excellent in 
corrosion resistance compared with FeMn, and since Neel temperature is high, there is the 
description strong against temperature fluctuation. In addition, if it was in the component 
structure shown in drawing 1 , the coercive force increase layer 31 was constituted from alpha- 
Fe 203, but be [ what is necessary / just since it seems that the component of the coercive 
force increase layer 31 makes the magnetic switched connection force act on the ferromagnetic 
layer 32, and makes coercive force high ], of course, you may constitute from other 
antiferromagnetic substance, oxide antiferromagnetic substance, or high coercive force magnetic 
substance. 

[0034] Next, drawing 3 shows other gestalten of the magneto-resistive effect sensor concerning 
this invention, and the laminating of the coercive force increase layer 41, the pinning 
ferromagnetism layer 42, a non-magnetic layer 43, and the free ferromagnetism layer 44 is 
carried out, the layered product 45 of cross-section trapezoidal shape is formed, the 
antiferromagnetism layers 46 and 46 are formed in the both sides of this layered product 45, and 
on each antiferromagnetism layer 46, the magneto-resistive effect sensor of this gestalt carries 
out the laminating of the ferromagnetic layer 47 and the conductive layer 48, and is constituted. 
In this gestalt, the antiferromagnetism layer 46 covers the flank of the antiferromagnetism layer 
41, the pinning ferromagnetism layer 42, and a non-magnetic layer 43 in that edge 46a. Although 
the flank of the free ferromagnetism layer 44 is thickness-one-hal^-grade-covered, and it is 
prepared, and thickness one half covers the flank of the free ferromagnetism layer 44 and the 
ferromagnetic layer 47 on the antiferromagnetism layer 46 is formed at the edge, the thickness 
relation of each class is not restricted to what was shown in the drawing. Moreover, the thing 
which made reverse physical relationship of the upper and lower sides of the antiferromagnetism 
layer 46 and a ferromagnetic layer, or the thing which made the layered product of the 
antiferromagnetism layer 46 and the ferromagnetic layer 47 multistage pile structure may be 
used. A coercive-force increase layer 41 consists of an ingredient equivalent to the coercive- 
force increase layer 31 used in the previous example, the pinning ferromagnetism layer 42 
consists of an ingredient equivalent to the ferromagnetic layer 32 used in the previous example, 
the nonmagnetic interlayer 43 consists of an ingredient equivalent to the non-magnetic layer 33 
used in the previous example, and a free ferromagnetism layer 44 consists of an ingredient 
equivalent to the ferromagnetic layer 34 used in the previous example in the aforementioned 
structure. Moreover, the antiferromagnetism layer 46 consists of an ingredient equivalent to the 
antiferromagnetism layer 35 used in the previous example, and, as for the ferromagnetic layer 47, 
it is desirable to consist of a cascade screen of ferromagnetic layers, such as amorphous 
CoNbZr, CoFeB, and CoFeZr, and them, and crystalline substance film, such as a NiFe alloy. 
[0035] In the structure shown in drawing 3 , while carrying out pinning of the sense of 
magnetization of the ferromagnetic layer 47 in the direction of arrow-head a of drawing 3 by the 
one direction anisotropy of the antiferromagnetism layer 46, according to the sense of 
magnetization of the ferromagnetic layer 47, the sense of magnetization of the free 
ferromagnetism layer 44 can be guided in the direction of arrow-head a, and vertical bias can be 
impressed. Moreover, pinning of the sense of magnetization of the pinning ferromagnetism layer 
42 is carried out in the direction of arrow-head b of drawing 3 by the coercive force increase 
layer 41. As mentioned above, while single-domain-izing the free ferromagnetism layer 44 and 
the ferromagnetic layer 47, the sense of magnetization of the free ferromagnetism layer 44 can 
be made to intersect perpendicularly to the sense of magnetization of the pinning 
ferromagnetism layer 42. Next, when the ferromagnetic layer 47 is constituted from an 
amorphous ferromagnetic, since the MR effectiveness is small, the ferromagnetic layer of an 
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amorphous substance has the advantage into which side leading (gather the field of a magnetic 
medium except the truck section) can introduce what has few distribution also for an one 
direction anisotropy few. 

[0036] In the structure of this gestalt, resistance change is obtained by good linearity 
responsibility, without producing a Barkhausen noise like the structure of a previous gestalt, 
since vertical bias is impressed while being able to carry out [ single domain ]~izing of the free 
ferromagnetism layer 44. 

[0037] Next, dh^v^g„4 - dr awi ng 6 show the example of 1 structure of the thin film magnetic 
head equipped with the component structure shown in dr awi ng 1 or drawing 3 . Magnetic-head 
HA of this example is the thing of the surfacing type carried in a hard disk drive unit etc., and 
the side shown by (b) of drawing 4 by the leading side by which the side which shows the slider 
51 of this magnetic-head HA by (b) of drawing 4 turns to the upstream of the migration direction 
of a disk side is a trailing side. In the field which counters the disk of this slider 51, the rail-like 
ABS sides 51a, 51a, and 51b and Ayr groove 51c are formed. And the thin film magnetic head 50 
is formed in 51 d of end faces by the side of trailing of this slider 51. 

[0038] The thin film magnetic head 50 shown in this example is the compound-die magnetic head 
as shows cross-section structure to drawing 5 and drawing 6 f and on 51 d of trailing side edge 
sides of a slider 51, the laminating of MR head (read head) hi and the inductive head (write head) 
h2 is carried out to order, and it is constituted. 

[0039] MR head hi of this example detects the leakage flux from record media, such as a disk, 
using a magneto-resistive effect, and reads a magnetic signal. As shown in drawing 5 , the up gap 
layer 54 formed of non-magnetic materials, such as an alumina (aluminum 203), on the lower gap 
layer 53 which MR head hi becomes from magnetic alloys, such as Sendust (Fe-aluminum-Si) 
formed in the trailing side edge section of a slider 51, is formed. And the laminating of the 
magneto-resistive effect mold sensor of the structure shown on this up gap layer 54 at dra win g 
1 or drawing 3 used as a giant magneto-resistance component is carried out. Furthermore, on it, 
the up gap layer which consists of an alumina etc. is formed, and the up shielding layer is formed 
on it, and let this up shielding layer at combination be the lower core layer 55 of the inductive 
head h2 formed on it. 

[0040] The coil layer 66 patternized so that the gap layer 64 might be formed on the lower core 
layer 55 and an inductive head h2 might become spiral superficially on it is formed, and the coil 
layer 66 is surrounded by the insulating material layer 67. In the point 68a t the up core layer 68 
formed on the insulating material layer 67 opens a minute gap in the lower core layer 55, 
counters it in ABS side 51b, connects the end face section 68b to the lower core layer 55 
magnetically, and is prepared. Moreover, on the up core layer 68, the protective layer 69 which 
consists of an alumina etc. is formed. 

[0041] In an inductive head h2, a record current is given to the coil layer 66 and a record current 
is given to a core layer from the coil layer 66. And a magnetic signal is recordable on record 
media, such as a hard disk, with the leakage field from the point of the lower core layer 55 in the 
part of magnetic gap G, and the up core layer 68. Moreover, in MR head hi, since resistance of 
the ferromagnetic layer 44 changes with the existence of the minute leakage field from record 
media, such as a hard disk, the contents of record of a record medium can be read by reading 
this resistance change. Furthermore, in magnetic-head HA of this configuration, since there is no 
Barkhausen noise, a resistance change excellent in linearity responsibility can be obtained, since 
the magneto-resistive effect mold sensor of structure explained previously is formed, and MR 
ratio higher than the further conventional magnetic head can be obtained, there is the 
description in which the read-out engine performance is excellent. 

[0042] Next, in order to obtain the magneto-resistive effect mold sensor of the structure shown 
in drawing, substrates, such as aluminum203-TiC (Al Chick), are installed in the chamber of high 
frequency magnetron sputtering equipment or ion beam spatter equipment, and after making the 
inside of a chamber into inert gas ambient atmospheres, such as Ar gas, it can create by forming 
a required layer one by one. Targets required for membrane formation are 20alpha~Fe 3 target, a 
nickel-Fe alloy target, a Cu target, etc. Next, in order to manufacture the magneto-resistive 
effect mold sensor shown in drawing 3 concerning this invention Impressing a field at drawing 1 
and the Z direction of 3 into the ambient atmosphere of 3 or less mTorr of Ar gas pressure While 
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forming the coercive force increase layer 41 which consists of alpha-Fe 203 on a substrate by 
the spatter and forming the two-layer ferromagnetic layers 42 and 44 on both sides of a non- 
magnetic layer 43 on this coercive force increase layer 41 It leaves the part which is equivalent 
to the width of recording track with a photolithography process and ion milling, other parts are 
removed, and it considers as a layered product 45. Next, laminating formation of the 
antiferromagnetism layer 46, the ferromagnetic layer 47 of an amorphous substance, and the 
electrode layer 48 is carried out by the spatter at a part for the both ends of said layered 
product 45, impressing a magnetic field in the aforementioned impression direction and the 
aforementioned direction of a right angle of a magnetic field. Subsequently, a field is impressed 
to the space perpendicular direction of draw ing 3 , and the pinning ferromagnetism layer 42 is 
magnetized. The magneto-resistive effect mold sensor of the structure shown in drawing 3 the 
sense of magnetization of the pinning ferromagnetism layer 42 and 90 degrees of drawing 3 and 
sense of magnetization of the ferromagnetic layer 44 crossed at right angles by the above 
processing can be obtained. 

[0043] Moreover, in order to manufacture the magneto-resistive effect mold sensor of the 
structure shown in *jawjng__i , after carrying out the laminating of the coercive force increase 
layer 31, the ferromagnetic layer 32, a non-magnetic layer 33, and the ferromagnetic layer 34, 
the laminating of an antiferromagnetism layer and the conductive layer is carried out, and it 
forms in the condition except the central parts of a ferromagnetic layer and a conductive layer 
according to a photolithography process, and the up protective layer 37 is formed after that. 
Moreover, membranes are formed, impressing a field in the direction which corresponds in 
drawing 1 and the direction of X of 3, in case membranes are formed impressing a field in drawing 
1 and the direction equivalent to the Z direction of 3 in case the coercive force increase layer 
31 is formed at the time of formation of these each class and the antiferromagnetism layer 35 is 
formed. Subsequently, finally a field is impressed to the space perpendicular direction of d rawin g 
1 , and the pinning ferromagnetism layer 32 is magnetized. The magneto-resistive effect mold 
sensor of the structure shown in drawing 1 the sense of magnetization of the pinning 
ferromagnetism layer 32 and 90 degrees of drawing 1 and sense of magnetization of the 
ferromagnetic layer 34 crossed at right angles by the above processing can be obtained. 
[0044] 

[Example] Using RF magnetron sputtering equipment, on the aluminum203-TiC (Al Chick) 
substrate which covered 20aluminum3 film, the magneto-resistive effect mold sensor of the 
structure which carries out a spatter, creates a layered product and is shown in d raw ing 3 was 
manufactured so that it might become the structure which uses two or more targets and is 
shown below. Under the present circumstances, thickness of the protective layer which consists 
of 75A and Ta the thickness of the ferromagnetic layer which consists of 20A and nickel80Fe20 
alloy the thickness of the non-magnetic layer which consists of 30A and Cu the ferromagnetic 
layer thickness which consists of 500A and nickel80Fe20 alloy the thickness of the coercive 
force increase layer which consists of alpha-Fe 203 was made into 30A. Moreover, to the 
substrate, in order to make it a pinning ferromagnetism layer have an anisotropy in the direction 
of arrow-head b of drawing 3 , membranes were formed, impressing the field of 200 Oe in the 
direction of arrow-head b. 

[0045] To the obtained layered product, leave a part with a width of recording track (width of 
face of a magnetic sensitive part) of 2 micrometers by the photolithography process and ion 
milling, and the both ends of a layered product are removed. The laminating of an 
antiferromagnetism layer (Pt50Mn50) with a thickness of 300A, an amorphous layer 
(Co88Nb8Zr4) with a thickness of 200A, and the electrode layer with a thickness of 700A is 
carried out to the both sides of this magnetic sensitive part that remained by the spatter. The 
field of 200 Oe was impressed in the direction different 90 degrees from the aforementioned 
impression field in the case of this laminating. Finally, patterning was carried out according to the 
FOTORISO process so that it might be set to width-of-recording-track [ of 2 micrometers ], 
and height (height of space thickness direction of drawin g 3 ) 1 micrometer, the field of 2kOe(s) 
was impressed in the height direction (the space thickness direction of drawing 3 ), and the 
pinning ferromagnetism layer was magnetized. Moreover, in advance of magnetization of the 
height direction, annealing in a field of 5 hours was given to some samples at 250 degrees C, 
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impressing a magnetic field crosswise [ truck ] (from the left of dra wing 3 to the right). 
[0046] The result of having measured the magnetic-reluctance curve in the low field of the 
magneto-resistive effect mold sensor sample obtained by the above manufacture approach is 
shown in Table 1 and drawing 7 . In addition, the impression field was made into the above- 
mentioned height direction. 
;0047] 
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[0048] In drawing 7 , it is mostly located in the middle point and the resistance in a zero field 
shows indirectly the thing of max and the minimum resistance which magnetization lies at right 
angles. Even if an external magnetic field changes by being mostly located in the middle point in 
the range which is **50 Oe extent, it has good linearity and it can be said that a dynamic range 
is large. Moreover, neither a hysteresis nor a Barkhausen noise was seen, but it became clear 
that a property suitable as the magnetic head for read-out was shown. Furthermore, the 
resistance rate of change in the range of **50 Oe is 3.1%, and it is clear that it is also high 
power very much. Moreover, although it replaced with PtMn, the sample using PdMn, PdPtMn, 
NiMn, RuMn, CrMn, FeMn, IrMn, and RhMn was also manufactured as an antiferromagnetism 
layer, respectively and measurement was presented similarly, it became clear to do so the 
effectiveness which was excellent as shown in Table 1. 

[0049] Next, drawing 8 shows the blocking temperature Tb of the magneto-resistive effect mold 
sensor sample using alpha-Fe 203 which this invention persons have proposed in a Japanese- 
Patent-Application-No. No. 78022 [ seven to ] specification previously. Moreover, it replaced 
with the Japanese-Patent-Application-No. No. 78022 [ seven to ] specification at the sample 
and FeMn of structure using FeMn of the example structure of a comparison of a publication 
(the layered product of NiFe/Cu/NiFe/FeMn (1 10A), and layered product of NiFe/Cu/CoPt 
(80A)) for the comparison, and the temperature characteristic of the sample using NiO was also 
written together. Hbp says the bias field which the flux reversal of the NiFe film contiguous to 
the antiferromagnetism film shifts, and Hep means the coercive force by the hysteresis here. It 
became clear that the magneto-resistive effect mold sensor sample using the result shown in 
drawing 8 to alpha-Fe 203 also has the outstanding thermal resistance. This is considered to 
originate in the Neel temperature (677 degrees C) of 20alpha-Fe 3 the very thing being high 
compared with FeMn or NiO. Therefore, if it is a magneto-resistive effect mold sensor sample 
using this alpha-Fe 203, a magneto-resistive effect mold sensor with little property degradation 
can be offered also by the temperature change. 

[0050] Next, drawing 9 (A) shows the magnetic-reluctance curve of the spin bulb magneto- 
resistive effect mold sensor by which drawing 9 (B) used it for the magnetization curve of the 
pinning ferromagnetism layer which touched coercive force increase layers (alpha-Fe 203 etc.). 
In drawing 9 (A) and (B), the value of coercive force (He) and an exchange bias field (Hb) is 
shown, respectively, and serves as Hc>Hb here. On the other hand, in the ferromagnetic layer 
which touches the antiferromagnetism layer 46 of drawin g 3 , it becomes Hc<Hb conversely. In 
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this case, on the other hand, the anisotropy of tropism will have arisen, and it was defined as on 
the other hand the anisotropy of tropism having arisen about the ferromagnetic layer used as 
such relation on these specifications. 
[0051] 

[Effect of the Invention] If what consists of an amorphous thin film is used for this invention as a 
ferromagnetic layer made to adjoin the magneto-resistive effect component of a magnetic 
sensitive part as explained above, since the MR effectiveness is small, the ferromagnetic layer of 
an amorphous substance can introduce few things of distribution of an one direction anisotropy 
that there is little side leading (gather the field of a magnetic medium except the truck section). 
[0052] It is using what consists of a X~Mn (however, X's shows one-sort [ in Fe, Co, nickel, Cr, 
Pt, Pd, Ir, Ru, and Rh ], or two sorts or more.) system alloy thin film as an antiferromagnetism 
layer for impressing vertical bias, and it excels in corrosion resistance and what has a small 
change of the exchange anisotropy field by the temperature change can be offered. Moreover, 
since it can be used even if it does not perform special heat treatment in the condition [ having 
formed membranes by the forming-membranes methods, such as sputtering, ] if it is the 
presentation range with a X-Mn system alloy, heat treatment conditions can be conventionally 
eased from structure. 

[0053] Next, if the magneto-resistive effect sensor of said structure is used for the magnetic 
head, the magnetic head which carries out a linearity response and can carry out read-out of a 
lifting and the magnetic information which does not have a Barkhausen noise with sufficient 
detection sensitivity by this for resistance change to a minute field from a magnetic-recording 
medium can be offered. 

[0054] While induction of the flux reversal which adjoins the antiferromagnetism layer for vertical 
bias impression is carried out to the ferromagnetic layer freed, next, the magnetic anisotropy of 
tropism [ whether the ferromagnetic layer is formed impressing a field and ] Or it is made to be 
generated by heat-treating in a field after the ferromagnetic stratification. By determining 
according to the magnetization process performed after the process which determines the 
direction of the magnetic anisotropy of a ferromagnetic layer where said flux reversal is freed in 
the magnetization direction of a ferromagnetic layer where pinning of the flux reversal which 
adjoins a coercive force increase layer is carried out The sense of magnetization of the 
ferromagnetic layer to which pinning of the flux reversal was carried out, and the sense of 
magnetization of the ferromagnetic layer by which flux reversal was freed can be made to be 
able to intersect perpendicularly mostly, and the magneto-resistive effect mold sensor which 
moreover impressed vertical bias can be obtained. 

[0055] While induction is carried out to the ferromagnetic layer which adjoins an 
antiferromagnetism layer and constitutes a layered product, tropism furthermore, a magnetic 
anisotropy It is made to be generated by forming the ferromagnetic layer, impressing a field, or 
heat-treating in a field after the ferromagnetic stratification. By determining according to the 
magnetization process which performs the magnetization direction of a ferromagnetic layer 
where pinning of the flux reversal which adjoins a coercive force increase layer is carried out 
after the process which determines the direction of the magnetic anisotropy of the 
ferromagnetic layer of said layered product The sense pf magnetization of the ferromagnetic 
layer to which pinning of the flux reversal was carried out, and the sense of magnetization of the 
ferromagnetic layer by which flux reversal was freed can be made to be able to intersect 
perpendicularly mostly, and, moreover, the magneto-resistive effect mold sensor which 
impressed vertical bias can be obtained. 

[0056] Moreover, since flux reversal prepared the antiferromagnetism layer of the 
antiferromagnetic substance which is made to carry out induction of the magnetic anisotropy of 
an one direction to the ferromagnetic layer which it comes to free, and stabilizes a magnetic 
domain in this invention A ferromagnetic layer can be single-domain-ized and resistance change 
can be produced by changing the direction of the flux reversal of a ferromagnetic layer with the 
direction of the magnetization of a ferromagnetic layer by which pinning was carried out by the 
external magnetic field. A Barkhausen noise can be abolished while an external magnetic field is 
detectable with sufficient sensibility with this resistance change. Moreover, field detection which 
was excellent in linearity responsibility can be performed by single-domain-izing a ferromagnetic 
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layer. Furthermore, when 90 degrees of sense of magnetization of the ferromagnetic layer by 
which magnetization and magnetic reversal of the ferromagnetic layer to which pinning of the flux 
reversal was carried out were freed differ, an efficient big magnetic-reluctance change can be 
obtained. Moreover, if it considers as the antiferromagnetism layer which carries out pinning of 
the sense of magnetization and the layer of alpha-Fe 203 is used, it originates in the Neel 
temperature of alpha-Fe 203 being high, and it is strong to a thermal change and the magneto- 
resistive effect mold sensor to which detection sensitivity does not fall by the thermal change 
can be offered. 

[0057] By next, the thing which the antiferromagnetism layer for vertical bias impression opens 
the predetermined width of recording track equivalent to the width of face of a magnetic 
sensitive part in the both-ends side of the magnetic sensitive part of a ferromagnetic layer 
where it comes to free flux reversal, and comes to do opposite arrangement in contact with a 
ferromagnetic layer While being able to impress vertical bias to the both sides of the magnetic 
sensitive part of a ferromagnetic layer by the magnetic anisotropy of tropism on the other hand, 
resistance change can be obtained in the condition that vertical bias is impressed by making 
easy flux reversal of the magnetic sensitive part of a ferromagnetic layer, and there is no 
Barkhausen noise with sufficient linearity responsibility. 

[0058] Next, only the part of the width of face of the magnetic sensitive part by which the 
ferromagnetic layer freed in flux reversal is equivalent to the width of recording track is formed. 
By the layered product of the antiferromagnetism layer of the antiferromagnetic substance 
formed in the both sides of the ferromagnetic layer and other ferromagnetic layers coming to 
impress vertical bias While being able to impress vertical bias to a ferromagnetic layer by the 
magnetic anisotropy of tropism on the other hand, resistance change can be obtained in the 
condition that vertical bias is impressed by making flux reversal of a ferromagnetic layer easy, 
and there is no Barkhausen noise with sufficient linearity responsibility. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the 1st gestalt of the magneto-resistive effect mold 
sensor concerning this invention. 

[Drawing 2] Drawing showing the sense of magnetization of each ferromagnetic layer of the 
sensor shown in drawing 1 . 

[Drawing 3] The sectional view showing the 2nd gestalt of the magneto-resistive effect mold 
sensor concerning this invention. 

[Drayyjng 41 The perspective view of the thin film magnetic head equipped with the magneto- 
resistive effect mold sensor concerning this invention. 

[Drawing 5] The sectional view of the important section of the thin film magnetic head shown in 
drawing 4 . 

[Drawing 6] The perspective view which made the cross section a part of thin film magnetic head 
shown in drawing 4 . 

[Drawing 7] Drawing showing the resistance change curve of an example sample. 

[D ra wing 8] Drawing showing the blocking temperature of the magneto-resistive effect mold 

sensor sample using alpha-Fe 203. 

[Drawing 9] It is drawing in which drawing 9 (A) shows the magnetization curve of a pinning 
ferromagnetism layer, and drawing 9 (B) shows the magnetic-reluctance curve of a magneto- 
resistive effect mold sensor. 

[Drawing 10] The sectional view showing the 1st example of the conventional magneto-resistive 
effect mold sensor. 

[Drawing 1 1] The sectional view showing the 2nd example of the conventional magneto-resistive 
effect mold sensor. 

[Dr^ing_12l The sectional view showing the 3rd example of the conventional magneto-resistive 
effect mold sensor. 

[Drawing 13] The sectional view showing the 4th example of the conventional magneto-resistive 
effect mold sensor. 

[Drawing 14] The sectional view showing the 5th example of the conventional magneto-resistive 
effect mold sensor. 

[Drawing 15] The sectional view showing the 6th example of the conventional magneto-resistive 
effect mold sensor. 
[Description of Notations] 

30 Magneto-resistive Effect Component 

31 41 Coercive force increase layer 

32 Ferromagnetic Layer 

33 43 Non-magnetic layer 

34 Ferromagnetic Layer 

35 Antiferromagnetism Layer 

36 Lead Layer 

42 Pinning Ferromagnetism Layer 
44 Free Ferromagnetism Layer 

46 Antiferromagnetism Layer 

47 Ferromagnetic Layer 
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48 Conductive Layer 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 6] 
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[Drawing 10] 





[Drawing 8] 
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[Drawing 12] 
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[Drawing 14] 
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«W±£*T. ) Sfc-SClijWfSU*. 

[0021] mewx-i' 7x&&i©fc&©£2© 

© h v v ^W*»ltT!«8ttlHC*UT»iajBBanT 
&*tt£©fttEBftJfi&ttM&H: 5«S 
IC, IWE*W7*Win©fc»©iB2©E5*«ttJHi» 



»-r5«ft:E<E!8<a*fi:aft*3HBttJic:Kfians- 

-r*«ftE(E««e>±*an5is«ttJio«<fc*i6i€. 
i»E«ftEC^i *ican«»«ttio««ii*tt©» 

[0022] *t. MEttftEgsaakistifcauBtt 
an. t©ii«ttJi©w«t:»ricsn«;E»«tt#©E 

&Btt)i iffiO^Bttl t ©«H* tz&QWWTZ it* 
9UnanTi6:S«|]«©fl9E««;«8iSS*ffl-fe>**»iS 
tSi^C E&Bttlf <iP}gbTfaJI#£^8s£-t33^■ 
«ttJI^Cg§gan3---£|6ltt©SBfi^S#tt£, ^©&B 

■t*. ff«*«i*)it»«r4«ft:E(E**e>jt«>an* 

8fiBt*)f©fiB{fc£rS]£. mE«l*©^«SttS©fi8^S 

*tt©*ift ; 6ft3£T'Bia©acfT , 5*«xaK:«t o * 

[0 0 2 3] 

[»«©*«©#*] HTHffi*#flBUT*38M©-» 
»Ct)t»T»WfS. Hltt*f6Wfc«*«St«ttJ»* 

S-fe>+t-©-^^"rt)©t?*0. ftlBtfjii*® 3 1 
±tC. ttBttR 3 2 t#m&m 3 3 £3£Bttlf 3 4 tWH 
^«I$n. tt«1£H3 4©iQWffi±(C. h^y?<BT 

wic*asr4nnwitffis©wc*«+TEa«tt)i 3 5 , 

3 5#«lSn, E8Bi48 3 5±K'J-I<S3 
Han^ttfek:. 'J— H® 3 6 (h^fiSttS 3 4 £fgo 

T±aMfiiMi3 7*»«nsnTt>*. &fc. c©0Ji© 

*jSK*^TI4. 3 1 t&Bttlf 3 2i# 

«tt»3 3 t««tt!3 4tt«fc0Xt;>A^ffl©« 

[0024] mi^mtim±m 3 1 * ©±c»j«a 
n«3iBttJi3 2t«afl9x*is#**fpffla*Tai« 

ttB3 2©«m#£it*a-ar. Bfb©iS]€r$re>it*-r 

•5fc#©*>©T<&D, CfflRB*l*i3 1tt. E&B 

tt*. »ic«fk«iE»Btt*^6«ij«an*it!j»»* 

L<. 10©&#fl<hUTtt, a- Fe203*> Sprite? 
n*. ffiEttOH£JI3 2. 3 4tt, ^-fnfc^fiBtt^O 
»«*»6*5««, R&MlCtJN i-Fe&&. Co-Fe 
Ni-Co^ Co. Ni-Fe-Cog4ftt* 
flBttH3 2*CoB*»&, SfiStt® 
3 4€N1-Fe^@i s 5>. *5t>ttCoItN i-F 
e^*H©8!H«|jfi*»6*l«'r*wt'b-cas. ft*. 
CoItN l-Fe^*Ht©2H«iBfrs«^tt. 
#«tt)H3 3«K»^CoJI€EBT*Wlittr4i<!: 

[0 0 2 5] *«ttl3 3^Stti3 2. 3 
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4 t?«HJ«gOE*«afi«ta**4*«t*oTtt. 

*»6«i«-r<5*A«. fta©*mja>s*Wc-ra«fcot>. e 

g«?©7. e >tt#*a#rt©H* 1; -5 5tt&tta«fi 

4. Z<Dlz3tt.Z.£fre>. «|3 2£Co*6isE 
Ufc4»&tt, &fiBttjf 3 4 ©#S8ttl 3 3 ffii]£ffi£©JP 
3TColCH*Lfc*ifitf»ff*U». ColS 
#fcE9JLTRttfc<<t'b. Mltl3 4C#SSfil3 
3«CCo©^<^S-&fc^«IBtL. ±SB&SJf 3 
7 «£[6W* 5 (C C o < & 5 <fc 5 ft 

[0 0 2 6] fnrfa#ffi8ftlf 3311 C u . C r . A u . 
Ag££*lCftS£ft5#Btefo&>6fc»3. 2 0-4 0 A 
©JP<SC»l«*ftTH4. CCT#B8ttK3 3cOif S^i 
2 OAiOfSS^t, £H8ttJI3 2£:3ftttttJl3 4<!:©ntJ 
T««W*S^*«fii»3^>T<**. #ttttj|3 3 

#4 0 AJ:DJf^£«»«tt»*4£i;*BBT«*# 

«8ttH3 3 t&mftii 3 2. 3 4 ©#ffi-e«aan££ 

©*wrF L . 0 (Blaise 

tlT L St o ©Tjf £ L < * t>. 
[0 0 2 7] B&EKS&BttJI 3 5 fct. K3N8&II 3 1 £ 

fiHTXtt, Ru, Rh» I r. Pd. P t W>-Ttlfr 

©*«»J*SlllJ|j6itt. Bii>iE#fi (fct&fUltei 1 ; C 
uAu Ittljg^a ©J:5tt«»JW/a:l9JW«j6-ett*t> 

/Xy* 'J >^ttfC«t 0J«RSnfc»C. ifflIEB<L>IE# 
A&£©£IHft&&JI«|j& (CuAuI*iifc£) £T 

5 fcfe©ii5iaTAogS#rBl©JjnMS$:ff frftl^ t>©T 

[0 0 2 8] tdffiX-Mn^OX^W-O^SH^-C 
$>Z>&e:<DX<D-£fim<D!if£ U>«B(i. Rutil0~ 
4 5K^%> Rhtil 0~4 0^%. IrlJ10~4 
OISC^*, Pdlil0~2 5^%. Pt(il0~2 5 
fi^X-Cfca. ft*. SUOEtCfiUTl 0~4 5g 

f~J T8j£-r*RfilBH©±IRTI8tt±T r^±j 

[0 0 2 9] ffiC?%ai|gA«ii&©X-Mn^^©S: 
ft®.!!!-® 3 5 T**tt 6>tf?£flBttll 3 4 C-#|fl] Jtfrtt 
CJ:0IK^-f7^*aJarr*ii*tT*. S£«Bt4!3 5 
KttT*3ft8ttJB 3 4 ©PMffi©Bft:©leNE* tf>ih«6 



«ttH3 5T*S&&tf, «E*©S3fi«ttli©Fe-M 

(H eI ) .toTRSMBtt 
13 5 m$m»fre,<D 

[0030] ms±»&mm 3 7 «±«->-;i/ mvtm 

tOfm (Gap) &BSttJI3 4©K 

«JI 3 7 ttA 1 2O3. 5*«:if©iaBk*m*»6«|«t-5 

[0 0 3 1] *&. ttCgBttM 3 4 ±£KiMBttj| 3 

5<&^(t-5ri(CJ;0, &fi&ttJ13 4 (C-^|fi]S*tt$r 
ft4UTHl©*RIaCwr*lSlt«fl:©lSl**»A.T 

8fi8ttH 3 2 ©±Bfc**S1*fc««*jit*:Ji 3 1 Cfc 

0. &B14J13 2©«fc©|Sl££fc:>it*!>LT01©iSft 
® tcSjta b ^ftfcSKt©^ -5 £ £ **T^r*. 
JEt±©^£^6. SSfiBteJl 3 4©fig{t©(pJi*£01 £0 

2©£EPa;£|fi]tC[S]tt. 3l«ttJI3 2©l6l#**HIb* 

[6iciSi(t5c:t-e^#s-{itS9 o* -ra^^itTJix^ 

[0 0 3 2] SI C*r*JfiK:*HTXEll«t8(Ett. fiB^S, 

**«a*tt££*ttTfi«*a»Ji*aftT*©Bfl;© 

*. »BttE3 2i3 4©Mfc:«Ba£j&*£i;. cinic 

fiHLTE*««fit<a&**«»6n*. ai-s. lift©® 

te&«a6CSnfcaBtt«3 4©(f*»©h7viMBT 

6©ain«j|ift<!!©±5*^8iwff*«fpfflr-Bt. 

tt»3 4©«fc©|fli#a*eJifc:EMET*©T. 
•3TB«ttfiB»**^3 0K«tt*fl:**4'i;, il©«tt 

*^t*«T*4. C©Jgta^fk©IS(C3S)Sttl3 

4tt*BK{tanTir»T. i/A^K/w Tx^Entnan 

[0 0 3 3] HI C5s-r*jtC*«r»TI4. ffifiS^J 

«*JB3 l*a-FeiOi*>6«»J«LfcA«. a-Fe 2 Oj 

^t)*-^flg^u©T. fiftxntcai^ttfR^ft 

5. /i43. HlKiRT***»C*oTttiSWaJt*IB 
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©£3$Btti#. ttftttK%Btt#$£t>ttKftBftBtt 

#7>> b mi£ LT fcfi t^©ti#JiiT-& -5. 
[0 0 3 4] 3fcfcH3tt. *%W£H&m!U&fflMlk-t 

fnmtim±m4 1 tt>jh*5i«ttJi4 at 

#Btt® 4 3 1 7 U -8BttB 4 4 LTBrffiSi* 
#©«ll#4 5£«2f£U ;i©*»li#4 5(OiS5<l}(CS^ 
Bttl4 6, 4 6SRtt, &K&Bttlf 4 6±i;i8Btt 
®4 7£g*!4 8£«JfLT#fj££nTt>£„ d©^ 
&tC43^T£3$BttH 4 6li. ^©igg&4 6 alCfcHT 
K8BttH4 1 <h e>lh«>&BftJl4 2 t»!4 3 
©«K*SHr>. 7 U -3l«tt« 4 4 ©«0Jg|5£»*¥#g 
M^TRtJ &*U £8Bttl 4 6 ±©3£BttJf 4 7 (J 
*-©igg&T*7 U -ttBttil 4 4 ©ft&ej*&¥#SB9 

©fcH&fcH. Sfc. £&BttJl4 6 £3£Bte)f©±T 
©{MMMKsascujfcfc©. 5&Bttll4 6 

£&Bffil4 7©«ii#££ftSia««fcUfc i &©T ! b 
An. i»E©«jik:*HT, &B7jii*:S 4 1 teft©0ij 

T?fflV»JtfiW***Ji3 1 iH<*©tm*»&£D, f> 

±*»*ttii4 2ttit©«-cfflt>fcsi«ttiB3 2 tmm 

<Dtt®fr*>te 0 . JH8ftif*IMI 4 3 f*5fe©#IT-ffl 

sttii 3 3 1 pw©tma* 6 & o . 7 -8«ten 4 4 

tt5fe©«TfflV>fc5l«tt» 3 4 tW»©*f»*>645. 
*Jfc. R3MBttl4 6tt5fe©«TfflHfcK3ft8ttJi3 5 
£H*©*f*W»S&9. SlttI4 7tt*II©CoN 
bZr, CoFeB, C o F e Z r fci*®9S«ttJB;fc«fc 

[0 0 3 5] H3fcjS"r*iS£:feV>Ttt. S8B&S4 
6©-^(fi]S*14tC«tO^)SttS4 7©B{t©[6j££0 
3©*BJa3!fl*lfce>ifc©1-a&&<bk:. &Btt!4 7 
©BflS©fa£ l:^i?tt7 'J -3£Bttl 4 4 ©B{t©|6] 
* &*91 a £ftlCli$ UTttrt-f 7 X £9lftrr 5 C t tfi 
XZZ. $£. «BW«ttH4 lK±0lf>ih»5SBtt 
1 4 2 ©B{t©[«]££S 3 ©£81 b 7jf6]iC fcr>lk#-f 
4. £U©<£7£, 7'J-&BttB4 4£SgBtiES4 7 
£¥BK{t-fS £ 4: t> C 7 'J -&BttJI 4 4 ©B{fc©fi 
i*£fc:>ifctf>3£BttJI4 2 ©fi&{b©|3j£(C*f UTB££ 
*ftit*tT«*. 8Bttfl4 7£#AK©;ftB 
ttffe4»&*M8T*i, #AK©3fiB1ilttMRS»«At/Jx 
SWC. U-f H'J-r-f >y (h7v*«a*TB« 
«E*©B^*«5Ct) *o. -^ffi]S*tt 

fe^©d>fcV»fc©«*ATfrSflljSa«*3. 

[0 0 3 6] C©»ffi©«jfiC;felr>Ttt. 3fe©^®©«? 
jfiiH«C. 7U-»«ttH4 4tJH«Kfl:T€r5tt 
felc. $A-f 7*ft8HHb"0»*©T. A';P7A'7-t?> 



[0 0 3 7] »ca4~I6ll B 1 £/c(iE 3 ICtST 
* : flflii£«;Lfc«RBa'\:y K©-«it0!£*T. C 
©«©«a^y h'HAtt. A- Pf^X?8Mi:iii 
;*n"5??±3S©fc©-e. C©i^'yHHA©X7-f^ 
5 111 124© (-f) T^TffiWx^X^EW&iJ^lpJ 
©±85fiJfClfiI< U— x-O^fiHT. 04© (n) T-tST 

^(CWlfiI"r-2>ffiTtt. 1/-MOABSB5U, 5 1 
a. 5 1bt, 17-^-75 1 cj&<JgJ$$nTlr> 
5. -€-LT. :«X7-f ^5 l©hU~'J>y<8J©Sg® 
5 1 d tzmtmSS.^y F 5 0 iWRtt&*iTt»*. 
[0 0 3 8] ^©«T*-r»KBSi / vy H 5 0 tt, B 5 

0. X5-f^5 l©hU-'J>^«*ffi5 ldJtfC. M 
R^s/K (ttlti'WK) hit. <>^f^v;H 

So 

[0 0 3 9] CWWWMR'X^ K h ittBgifitn»4*S: 
WffllTr-f X*fc<hV>ES8^S©»nB*£tttfl 

MR'x-y Khite, X 7-f ^ 5 1 © h W-'J >y«Sgg& 

t»rtsnfc-t>^h (Fe-Ai-s i) momtis 

^^*5TS*t7^I5 3±i;, 7^57" (A 12 
03) fc£©#«tt#»CJ:9»j«Sttfc±«=Fry7* 
■ 5 4*t«l»t6nTt>4. *LT. Cl©±ge^r-Vy7 P 
15 4 ±tc. S^cBaBfiKftS*^ t&SH 1 * fcttH 

5. SIC J 5-©±lC(i, 7;U5^t*d»6a:4±»4 : r-y 
^I^'M^n, *©± (c±SB ^ H mifiJ&&$ nr 

*so. d©±a5->-;i/HSttv j e©±tc^tten-&<> 

y^f-f 7*^7 H h2©TSK37H5 5 <tafE/fl£3*lT 

[0 0 4 0] -f yy^7--<y^\y Hh:»i. TS5a7H 
5 5©±ic. 7^16 4*»»rt*n. ^-©±ic¥® 

**#j«an. 3-r 6 6 tt*e#«^i 6 7 jcH^nx 

*B»tt*Wi6 7©±C»J«3nfc±aa7H6 8 
tt. -iE"©5fe^g?6 8 a5ABSI5 1 btTTS6371 

5 5l:«S«^i5:«rai5ll/, *©SSSg56 8 b £T 
«37J15 5tBftWK:««a-ttT«tt6nT^5. * 
It, ±SS3716 8©±lCtt7;U3^-*df*»6&4«8l 

[0 0 4 1] -f >$^T-<r7AvKh2Ttt. 

6 6(Ci2&««E^#A?>n. n-f;Hl6 6^637®(C 

Bfiwia^^ens. *lt. BSH £ ry7 , G©a» 

-C©TS83 7®5 5t±SS=i7@6 8©5fc)S»>b©it 
flB^tCcfc 0 /\- Kf-f X i7 ^<!:©l2^1l«^lcB^fi^ 

Ttt. A- Kj-f X^tt£©E»Ht**>6©«/h©«in 
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*®5C<t^T#5. MIC, £©ttJ&©fiBSi / vy KHA 

^ISittbftT^-S©-?. AVi^A^-trw-rxa^sK. 

[0 0 4 2] fcK. H»CS-r*J6«)«affi«0»*ffl-t> 

•9-£»5Kfi. A 1 2O3-T i C (TiU^-y?) 6f© 

k'-AXA-y^gSW^-vWN'ftlC^gL. ^^>A'f*q 
£A r #X££<0*ffitt#X8H«£ UT*»6«**K 

C&g&^-y-y Micr-F e 2 0 3 ^-y-y K N i -F 

fS9JC«4H 3 CSf«afittS!l*S-fc>-!J-*«jfi-rS 
(Cl±. A r ^XBE3mTorraT<7)»HM c t , {r*5HTE 
1. 3©Z7jfilC«#£WJJ0L&^6. XA-y^CfcO 

U ;:©««:*Ji#*lf 4 1±C. #®f£ll4 3£lfcA,T 
2!©&«BttJl4 2. 4 4^jST^ttfe{C. 

£EPf)D L fcfl* 5 X/t y * C «fc D MG1MM* 4 5 ©PIS8& 
fl-CR»«ttJi4 6 £#&M©3l«Btt)14 7 tSSS4 

8£*ii#rici-*. &htb 3 oymwmtt ftizmR * 

\Z «t -3 T f >j£#&6gttl 4 2 ©fiBftWlS] fr t USttl 
4 4©fi5{b©[S]£rt*9 0° tE^Ufeia3lC^T«jiro« 
^fita3?!)*S-t: * 19 * £ t #T * 5 . 
[0 0 4 3] El c«-r«ja©«»««tja*snr 

>tf£S2i£T5l;:te. £8fti|*j|3 1 £3*&ffil3 2 

t^s^s 3 3 t&m&m 3 4 zmm LtzmzK^m^ 
*©»c±«««i 3 7 *#jsw*. *&. ^nswfi- 

it. HI. 3©Z*|«atffiaf47Jl6»C«»*BlllIlxft 
*»6*Blb. S»fiSttl3 5€)«R-r*l6JCttHl. 3 



© X7J |S] iCffl 3 T 5 # (61 EMD b &*t 6 $18 * ff 

5. *tr»T*aCH10«EiS*il*l8lC«ff*BWnLT 
tr>ik«Mt«ttM3 2£»«T3. £U©ffl«KJ:oT 
t: >ito6&mtt« 3 2 ©&{fc©|6]£ &9fiSttH 3 4 (Dm 

[0 0 4 4] 

1 203K«rSSUfcA 1 2O3-T i C (TJl^-y*) S 

s «t o kx a y ? Lxmmfczft&Lm 3 \ZK?mm<D 
mf§.%.m®&®-t>-y-zMmi,tz. £©®. a-Fe 2 o 

j*»6fc*fiW73l|*Jl©IOTfc5 0 OA. NisoFe 
M£fc**&&SMH8ttlil«M:3 OA. Cu^SJi5# 
&tt)I©SJS£2 0 A, Ni8oFe»&&ft>&&SMtt 

ttH©Jf ff£ 7 5 A. Ta^£&5#gJf©Jf JP£3 0 
AiUfc. Sfc. fcf>jfciMMBttJiJ&»H3© 
^Bib77lfiltrS7jtt* : flrT5«t-5{cTSfc«)C, £EPb 
7Jf6lir2 0 0 Oe««»*SlftIlxft!J«6riEBlbfc. 
[004 5] ®*>ntz®mmztt[s. 7*MIV^57 

£#©*§) 2xim<OS^»UTffS»<OPI«ff«N^ 

U d©^ofc^i«^©SffltC, JP£ 3 0 0 A©S3$ 
&ttB (P t 5 oMn 5 o) tff £ 2 0 0 A©$AKJV (C 
088Nb8Zr 4 ) 7 0 0 A©«ffiS£X/ty*K: 

J:tM»»U dCDflfSOI^(C^S©ePttl«^£ 9 0' Ji 
j£57jf6)f;:2 0 0 Oe©fi&#£EMJ0L;£. ftltttl::. 
^•y£4g2ym. Mh (H3©*iifli$*|fil©» 
£) 1 umtt&Z>£o\Z7it MJVT'ntXC.tO/^ 
-^>^U /Vf (0 3©SE®Jf3#|6)) lC2k 

Oe©«#£»JJDUTe>ih»i*«ttJI«*BL£. £ 

*«6 2 5 0rT5«HB©«*+T--JH&lgbfe. 
[004 6] «±©«ffi#ffi-e#snfc««l£$B»*g 

■t>ij-it»ofi«»-e©«a«tftEiii«i*asbfcti** 

[0 0 4 7] 
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[0 0 4 8] B7C*^T-en«#T©SifMlfi. «* 
£ft*©fitttt©««+jftlc{fl«bT:&0 . BfctffiX 

aa:Wtt**rit*«flwbfc. wc. ±50 oein 

**^fbW63ft»T»4. *Jfc. £3£BttJl£:LT. P 
tMnt^TPdMn. PdPtMn, NiMn. R 
uMn, CrMn, FeMn. IrMn. RhMntf 

[0 0 4 9] Jfcfc:H8tt. *»H#5)4tjtefc:. ttm¥7 
-7 8 0 2 2*t9J*ffi«Ki5^Tg3gUT<A5a-Fe20 

7-7 8 0 2 2 ^93M*ICG«©lttt0Wti& (NiFe/Cu/N 
iFe/FeMn (1 10A) (OffllftiNiFe/Cu/CoPt (80 A) ©AM 
#) ©FeMn£Jfl^ifcl»ifi©tm£FeMnfc:fW.T 
N 1 0*ffl^fctt»«)jiawtt ) flfei/fc. dCTHbp 
fi, E9tt8ttKC|*8lsft:N i FeR©«MfcEIEa«5'7 
hf^A*^ 7XB#£M\ Hcpte, ffDhXrUyX 
C«k<5fl»*SS*-r4. H8lC^-riS*d»6. a-F 

ttfcffUTI^BCijMIISiWcfcofc. dtltt. a-F 
e20 3 g*O^-;i/iaS.(6 7 7*0 A'FeMnWi 

■3TC©o-F ei03*fflV»fc««tttta*S-fe>*tt 
3 & 6 «. fiflESEfcK «fc T %1*ttSWb©a>& (,» 

[0 0 5 0] *tC, 0 9 (A) \tRmiim*m (a-F 

09 (b> tt*nem>fcxe>>w:ra»stt»*ffl 



*>i*©«»»afWMii£js?-. S9 (a) (b> 

T, &Bx7 (H c ) tX&A'-f 7XB# (H b ) ©«#■£■ 
TH 3 ©KSHBttS 4 6 tC&TS&BttJlTii. 

Lit. 

[0 0 5 1] 

[§Wi©3&*] K±3liHU£J:3K:*3691tt. @BS£# 

£|6]g£tt*>#i!![<7)'>& ^ t> © * m AT? * 3 . 
[0 0 5 2] «/W7X*aittI-rS*iA©S3iH8ttBt 

LT, X-Mn Otfc'UXte, Fe. Co, N i . C r. P 
t. Pd, I r, Ru. Rh©-5^©iaSfctt2aJ^±€ 
*-f. ) ££&$!8ia^ft-5t>©£ffl^s;i£T. B:& 

©T. a*«IJ6J:»)l»»l*frft«ftT**. 
[0 0 5 3] ^tc. Mre4*S©£&fifi$£-i:>1»-£B 

< A;i^ A?-t?> / -f X©*^B««*«)«B*ff 

[0 0 5 4] IK/t-f 7*8Hin©&a&©R5a«ttlH 
<h RttT «B{bS£«f 3 4 »C $ *i* «B14® $ n 

BUttT i«ffcSC*« tf $tlS^Btt@©Bfb*[fi] 



( 10 ) »M¥10-I12562 



[0 0 5 5] IC, E&Bttl£K&LT«lffr£«l£ 
T4»BttlfcRSSft*-#ffltt©B«ft;frtt*. * 
©3IBttl*BffSW110Lfc#SJ8j£'r*A». 
&BftH C«*+-CJRffla *fr 5 r i ic J: 0 4 U 

Bfc©iaj§r*H«iI5E3-li\ L^fe, MEA*-f 7X£9Mn 

[0 0 5 6] *589HCi5HTtt. 
fiSltTBK£££fl:T5E!IBtt&©E3IBttli*R 

*£±oT»t»©BfliR<E©jW£fc:>jfc*Sftfc 

&BttJf ©Bffc©:#i6] £ <i> -£-5 d t c: <fc o iStt^ffc 

**<r*Cta«T**. &BttH£JJi«KfkT 

Sic, B^C#K>ikttSftfcSMttJI©Bfl:£Bfl: 

©EC#aacsftfca«ttJi©afl:©r6i#iO*9 o* a 

H£LT, a-Fe203©H£fflt^5fcS>li. a-Fej 
OjO*-JI/jlflE!WK^itCi8EgUT, 

[0 0 5 7] sfclc. K/t-f7^9«ni©fc*©R3SBttH 

a*. «fcRC*«i*tanTtts3iBttH©a«»»© 

*tT»«ttlfi:*l/T»SlB«anTfe*CfC. &B 
tt*©«B«»©W«K-£l8]tt©B«Jl*ttC.J: 0 IK 

A-f 7X££PJjnTi* 5 it&K. 3*BttJf©!gBg&#© 
BfcEC 5 CfcT. fftAW7X£EWmLT*8 
J£JS§tt©iin. A;i^A£iz>y^x©8S^tt!S-cffi 

C0 0 5 8] Wz. B{tEIES&acSftfc5*BttlB 

h7y*«fc«3Ts^«#©*©»©*»jfcs 

ft. *©»BttlB©H«fc:#j«SftfcE!IBtt#©E5l 
BttJS i: ffi©8Bte 1 1 ©«JB*C J: 0 *S£ A-f 7 X A<EP 
ftJSftTttS^tT. »BttBC-*lSltt©Ba»#tt 



ftE(E**ft * 31 £T, $A-f 7X £EPtt LT»» 

[HiB©ffim^ttn] 

[01] *»WC«SB3CS^*SH:>-*©*1© 

[0 2] Hi»c*r-fe>^©#!lBtt«©Bfl:©rti* 

£tkT0. 

[03] *«wic«aBa«tftja*s!-fe>-y-©s[2© 

[04] *«WC«*BfttttrBaftffl-fe>U-S«Afc 

vmmss.'w H©*MBB. 

[05] H4KKri9BtB&^?K©Bffi©0rSB. 

[06] |4l;S-ri«IIg'S7 H©-«SWffitb 

[0 7 ] mmwmm<r>&trimmmz*-tm. 

[08] a-Fe 2 03^ffl^fcB^;att^S-fe>-y- 

st^©^o-y+>^as^^-r0. 

[09] 09 (A) f&e>jh«iftBttJI©BfcllMt. 

09 (B) «Blft£tH»*S-fe>1t©ffi|*£K&8£* 
TH. 

[010] f&fe©B£U£ffi%«9-k >-*©* 1 0>M£ 

[011] «*©B«»^*ffl1:>-*©IB2©«« 

?Sf8rffi0. 

[012] IE*©B£Jgtf&JI&1:>*©;f»3©fle 

5K-T»r®0o 

[013] «e*©B15»laa**S-fe>*©JB4©«* 

^T»rffi0o 

[014] tS*©B^Jgta3?!)*5!-t >*©JB 5 ©#J£ 
^TWE0. 

[015] «£*©B£ttgffi^£Si:>1t©SfS6©0tJ£ 
fa? 8rffi0<, 
[ff^©«W] 

3 0 Baeta^*^^ 
3 1,41 «B^jJf ^® 
3 2 3$BttB 
3 3.4 3 #Btt® 
3 4 3-SBttd 
3 5 E&BttJf 

3 6 U-KJB 

4 2 t^lh^&BttH 
4 4 7U-&B14II. 
4 6 E3SBttl 

4 7 3£BttH 
4 8 



( II ) 



»W¥10-1 12562 



imi] 





z x 



[03] 



[04} 



47 ° 48 46a ^ 44 q 43 47 



4S 

4, 



46 v* b 42 41 46a 



3>-r 



50 (□) 




5 Id 



51b 



50 



6T 66 69 68b 68 66 67 / 64 68a 
/II/ \ I I / / * 



V////////X//} 



53 



[0 7] 



AR/Ro=3.1% 



-100 -50 0 +60 4100 
B# H(Oe) 




[06] 




[010] 



I 2 3 



51b 



( 12 ) 



#^¥10-1 12562 



[08] 



[09] 



5O0 
400 

S 

| 300 

^ 200 ■ 
100 ■ 



-a -Pe 20a, Rep 

- tfiO ,(ftp 

- PeKn ,Hbp 




150*C 



23CTC 320 



100 200 



13 



(A) 



300 




(B) 





mi 2} 



[013] 





21 



[014] 



[015] 




11 is Y 



z x 



12 



V 



12 




13 y 4 7 

0— 



8 9 14 |3 



Z V 



